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Introduction
The collared peccary (Tayassu tajacu) is a social ungulate which ranges from the American south¬ west, through the tropics, into northern Argentina. Reproductive biology of the male collared peccary remains largely unexplored, although female reproduction has been studied in detail (Wislocki, 1931; Sowls, 1966; Low, 1970; Smith & Sowls, 1975; Lochmiller, 1984; Lochmiller et al, 1984b; Hellgren et al, 1985) . Field studies have shown strong relationships between vegetative quantity and quality, rainfall, and peccary herd recruitment (number of young surviving to breed¬ ing age) (Low, 1970; Bissonette, 1982) . Female peccaries are capable of producing young all year, yet peak breeding occurs in winter, culminating in late spring-early summer parturition (Low, 1970; Lochmiller et al, 1986) . Lochmiller et al (1985) reported decreases in serum testosterone values and scrotal circumference in peccaries following 9 weeks of nutritional restriction. The aims of the present study were to profile the annual rhythm in serum testosterone, testicular measure¬ ments and semen characteristics in male peccaries, to compare testosterone concentrations between wild and captive individuals, and to suggest the role of the male in the regulation of reproduction.
Materials and Methods
Animal handling and sampling. All captive animals were obtained from south Texas (Lochmiller & Grant, 1983 ). Blood was obtained by anterior vena cava puncture (Lochmiller et al, 1984a) Abraham et al. (1971) . Serum was extracted with 4 ml ethyl ether. The anti-testosterone antibody was purchased from Cambridge Medical Diagnostics Inc. (R51226F) (Billerica, MA 01865, USA). Crossreactivity was determined to be <0T% for all steroids tested except dihydrotestosterone, 3ß,l lß-dihydroxy-5a-androstan and androstenedione, which had cross-reactions of 210%, 3-6% and 0-5%, respectively. Tritiated testos¬ terone was purchased from New England Nuclear (NET-187) (Boston, MA 02118, USA). The testosterone standard (4-androsten-17ß-ol-one) was purchased from Steraloids, Inc. (#1734) (Wilton, NH 03086, USA). Sensitivity of the assay, defined as the least amount of hormone that could be distinguished from zero, was 3-25 pg, or 65 pg/ml in a 50-µ1 sample. Displacement of bound testosterone by increasing volumes of a peccary serum pool with a mean concentration of 1687 pg/ml was parallel to the standard curve. Recovery of radiolabelled testosterone averaged 88-6 ± 7-8% in 7 assays and sample values were corrected for extraction efficiency. Intra-and inter-assay coefficients of variation were 90% and 150%, respectively, for the peccary serum pool.
Statistical analysis. Effect of date of collection on hormone concentrations, testicular measurements and seminal characteristics in captive adults was examined by an analysis of variance model for repeated measures using the General Linear Models (GLM) procedure of the Statistical Analysis System (SAS) (Helwig & Council, 1979) . Differ¬ ences (P < 0-05) between means were isolated using Tukey's studentized range test. Testicular volume was estimated using the formula for a prolate spheroid (Beyer, 1976 (Low, 1970; Ellisor & Harwell, 1979) . Semen analyses indicated that spermatogenesis continued throughout the year with little change in sperm motility. Although monthly changes occurred in percentage normal spermatozoa, droplet and tail abnormalities, we feel that these changes may be an artefact of the electroejaculation technique (see below). Head abnormalities showed no detectable circannual rhythm. The male peccary may therefore be fertile all year, but decreased serum testosterone concentrations during summer may reduce libido and breeding activity (Ellisor & Harwell, 1979 columbianus) (West & Nordan, 1976) , and red deer (Cervus elaphus) (Lincoln & Kay, 1979) . The peccary circannual rhythm is reminiscent of the annual profile in the male armadillo (Dasypus novemcinctus) (Czekala et al, 1980;  Peppier ¡fe Stone, 1981), a species, like the peccary, which has extended its range from tropical regions northward into warm temperate areas (McBee & Baker, 1982) . Seasonal changes in testosterone concentrations of armadillo (1-5-to 8-fold) are of a much smaller amplitude than in temperate-zone ungulates (10-to 20-fold) and reflect the lack of seasonal changes seen in testicular histology (Czekala et al, 1980 ). Photoperiod appears to be the major environmental cue for regulating reproductive function in seasonally breeding temperate-zone species (Turek & Campbell, 1979) . The collared peccary originated in the tropics (Woodburne, 1968) , where photoperiod is a less important cue. However, by extending its range into warm, semiarid regions of the American southwest, the peccary may have adjusted to seasonal environmental changes through physiological flexibility (Zervanos, 1975) . Photoperiod changes thus may alter endogenous peccary neuroendocrine function. Changes in ambient temperature (which generally accompany photoperiod shifts) also could modify seasonal changes in male reproductive physiology and libido, as seen by the strong negative correlation between serum testosterone values and ambient temperature (Fig. 4) .
Social factors may modify peccary neuroendocrine-gonadal function. Collared peccary herds exhibit dominance hierarchies (Sowls, 1966; Bissonette, 1982) with status positively correlated to size (Bissonette, 1982) . In the present captive herd, dominant males were largest in body weight, the most successful breeders, and had higher concentrations of testosterone than subordinates (Fig. 2) . A lack of a cyclic pattern in testosterone concentrations in subordinate males W32 and W38 (Fig. 2) was associated with low social rank.
The presence of oestrous females also may modify seasonal changes in serum testosterone. During the present study, males had visual, olfactory and tactile contact (through a fence) with oestrous females before only three sampling periods (October 1982 , November 1982 and June 1983 . At all other times, sexes were isolated by at least 10 m. Mean testosterone concentrations were highest during October and November 1982 and showed a transient rise in June 1983 (Table 1) .
Copulation or proximity of receptive females has been associated with rises in LH and testoster¬ one in many species, including the domestic boar (Liptrap & Raeside, 1978 ). An acute testosterone rise, with an associated surge in libido, may be highly adaptive by allowing breeding of females which resume cycling after parturition during summer months.
Testosterone concentrations in male peccaries are comparable to those reported for domestic boars, which range from 1 to 8 ng/ml, depending upon breed and handling procedure (Ellendorff et al, 1975; Claus & Giménez, 1977; Edqvist et al, 1980) . A significant problem associated with assaying serum testosterone in one sample per month, as in the present study, may be pulsatile hormone release. Pulsatile secretion of testosterone has been reported in many domestic species, including pigs (Sanford et al, 1976; Claus & Giménez, 1977) , and in wild ungulates such as red deer (Lincoln & Kay, 1979) . In domestic boars, elevations in testosterone concentrations can occur within 60 min (Sanford et al, 1976 106 spermatozoa/ml (Swierstra & Rahnefeld, 1966; Cameron, 1980; Gibson & Johnson, 1980) . Although not demonstrated directly, peccary semen collected in the present study was judged adequate for fertilization throughout the year based on normal semen values seen in the pig (Larsson, 1986) . Low (1970) reached the same conclusion based on sperm counts in histological sections of seminiferous tubules.
Deposition of large amounts of gelatinous material was observed in female peccaries after copulation. Two gel plugs which dropped from the vulva and were collected had volumes of 45 and 80 ml, respectively. Sowls (1966) also reported the presence of large gel plugs following copulation and stated that the large male bulbourethral glands were the source of this material. The reason that such large gel volumes were not collected in the present study may be that electroejaculation generally produces little gel. Ejaculates collected by electroejaculation in domestic pigs are characterized by lower gel volume ( < 5-0 ml/ejaculate) and liquid volume (Vera Cruz, 1959; Clark, 1976) (Gibson & Johnson, 1980) . The average of 40-2% normal spermatozoa is much lower than the 70% figure quoted for domestic boar semen (Singleton & Shelby, 1972; Gibson & Johnson, 1980) . The physiological significance of the seasonal variations in percentage morphologically normal spermatozoa that we observed are difficult to interpret. A high incidence of distal protoplasmic droplets, which were the most common abnor¬ mality, is not diagnostic of lowered fertility (Larsson, 1986) . In domestic boars, a high incidence of distal droplets is also observed at low-serving frequency (Crabo, 1986) , following electroejaculation (Vera Cruz, 1959) , and under conditions of incomplete collection (Hurtgen et al, 1980) . Each of these situations occurred in the present study. Bent and coiled tails may have resulted from hand¬ ling procedures or cold shock, although precautions were taken to avoid such damage; while abaxial tail attachment is not considered an abnormality in boars (Larsson, 1986) and may not be in the peccary. We conclude from this evidence that the lack of seasonal changes on sperm head abnormalities is probably more diagnostic of year-round fertility than the observed changes in percentage normal spermatozoa.
The reproductive role of the male peccary is primarily to complement changes in female repro¬ ductive function. Low (1970) and the present study demonstrated indirectly that males are fertile all year. The relationship of circulating testosterone concentrations to ambient temperature and season noted in the present study suggests a male facultative reproductive quiescence during the late summer. Low male libido combined with female lactational anoestrus could account for the lack of breeding seen during the summer months (Ellisor & Harwell, 1979) . During drought years, nutritional stress may reduce male breeding activity to mirror female acyclicity (Lochmiller, 1984) . During good years, when females are on a high nutritional plane and cyclic through the summer, male breeding activity may still be reduced due to high temperatures. If dominant males do perform most of the breeding (Bissonette, 1982) , temperature-induced low libido of these alpha males could have a significant effect on herd population dynamics. Questions which need further study include examination of the short-term gonadal and behavioural responsiveness to seasonal (e.g. photo¬ period), social (e.g. presence of cyclic females, dominance relationships), and nutritional factors in male collared peccaries.
